mmmmm 
(43) Hi^^Ma 

2006 ^2 ^2 a (02.02.2006) 




PCX 



(10) mm^Amm^ 
WO 2006/011540 Al 



(51) mmm^m: 

C21D 9/08 (2006.01) 
C21D 9/50 (2006.01) 
C21D 1/34 (2006.01) 

(21) BB^miSIS-^: 

(22) me^miKQ: 

(25) mn\hm(r>m%^i 

(26) lll©^BBa)Wl§: 

(30) S^feffiT^— -5^: 

*#)M2004-222223 2004 ^7 ^ 29 H (29.07.2004) JP 

(71) mmx{^m^^<±x(Di^^m\z'^i^x)i =m 

XlH*iC#a (MITSUBISHI HEAVY INDUSTRIES, 
LTD.) [JP/JP]; =r 1088215 mSi»^E^ffi—T a 1 6S 

5 Tokyo (JP). 



B23K 26/00 (2006.01) 
J525Jr 51/^ (2006.01) 

PCT/IP2005/013802 
2005 ^7 ^28 H (28.07.2005) 



(72) fccfct/ 

(75) ^B^%/fflMA(*ll(COlNT(D<?^): *^^S(AKABA, 
Takashi) [JP/JP]; =r 6528585 J£)t rfi ^)»IE*PBa 

(l^fflT 1 T g 1 » 1 H«Mxm^*5t^tt «P jtStiFif 
Hyogo (JP). J?I^Ba^lllf (TSUBOTA, Shuho) [JP/JP]; =r 
6768686 J^Jt ISiS&^Tfi^^fflTSf^ 2 T B 1 S 1 = 
^Sx^<*5C#a iftfil^WSSFJfrt Hyogo (JP). ISJIIRX 
(NISHIKAWA,Kenji) [JP/JP]; =r6528585 J^J^HttpTfi 
J£j»IE*PBaiIl5fflT1 Tg 1 S1 ^HSSX||<*5e# 
tt »P stfe'Rlf P*^ Hyogo (JP). <^*MBS (SUGIMOTO, 
Noriaki) [JP/JP]; =r 6528585 J^l^ Tfi J^lt IE*P BB 
«0IT 1 T g 1 » 1 HSMX^ft5t#tt »P siSftFJf 
1^ Hyogo (JP). «S*IIJ ^ (KUSHIMOTO, Shoji) [JP/JP]; 
=r6528585S«!l»pmSJtE«]BailiSfflT1 TB IS 
1 ^ HgMxm<*xe#a »P 3S«iFJf 1^ Hyogo (JP). 
(ISHIDE, Takashi) [JP/JP]; T6768686 J^Jt SIS 



(54) Title: DEVICE FOR IMPROVING RESIDUAL STRESS OF PIPING 
(54) |giB<Z)«fii: iBS<D5Sei£**«SB 




11a 



15 



ID 



O 



(57) Abstract: A device for improving residijal stress of piping capable of reducing (including removal) residual stress of piping 
by heating the outer circumferential surface thereof using a relatively compact device arrangement, and also capable of heating 
the outer circumferential surface of a bent pipe section. The device for improving residual stress of piping comprises a laser head 
section (6), a ring rail section (3), and a circumferential direction moving means comprising a rotary travehng truck (5). The device 
for improving residual stress of piping may further comprises a means for adjusting the reflecting direction of laser light such that 
the laser light reflected off the outer circiunferential surface of piping does not return to the laser head, a means for adjusting the 
outgoing direction of laser light such that the outer circumferential surface of a bent pipe section located forward of the laser head in 
the pipe axis direction is irradiated with laser light, a means for moving the laser head section in the pipe axis direction, a means for 
regulating the output of laser light such that irradiation intensity becomes uniform on the outer circumferential surface of the bent 
pipe section, and a rotary means able to move the forward side of the laser head section in the pipe axis direction toward or away 
from the outer circumferential surface of the bent pipe section. 
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^tvfcl/— if7fe23A{i, 7te:7T^y^25(^J;oTV— if--5/K48^-ef5il$tl.fcm. 
— if-^^;/K48;6^bmM$tL-CJSftW§l52B(Di51>JlB2aicMlt$tl.§o 
[0065] *fc. V— iF^5'Kia543(;i^{tfetl.fcV— iF^5'K48{*:^iyi^~hiS^^:7'(D^>(D-T?fe 
6o IP^. 1/— if-^5/™43t^{*W#2b(D;^|p](jeJlT^t-Wtt;^fB]i!VN5)(^¥fT( 
if^5/KfP43(D;ft^;^|B]ii^tt) iCiEg$;rifcy^T^— i5'46(D@^g|546A^ 
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m^—^45^^VXmHi1rhtlX^ 
[0066] fe-C. V— if'-^s/K48}iy^T^— i5'46(Cj;«9. mMmm^—^ 45 tthiC^U 

ib. ±^(DV=^T^—^46KX^. U—'^^yh^48^W^:^\^Kr^<>X:tiyU—hm- 

o 

[0067] -^L-CMt-. if^5/K48{ift|#«lj]^— i5r45t^ioT a ^^l^icmm^th^X^ 

t?m(UMm)tm^i^xm.^(Dmm^45a^mm^ti^xmmW}mmm^iy—'f 

^iy}^^48^mm^^^iaij\^KmW}^'^^)o ^(D^M, if^5/K48<D[p]^^W 

. i^-if ■^5/KgP43 (i/-if-^5/K48) J;i9^>W#;^fRi(Dtlf^{;i^gi-§® ft W§P2B 
(D^M®2a};iMt*i-6^^;e>5-e^§„ 

[0068] IP^. _h3zti(DM#«t!]^^^45{*, if^5^K48(Dfp]#^Wtt2b^-a-ti'® (iS 

J:«9. v--if3fe23A^. w-if-^iyK48J:J9^>WW;^fB]<^ttf;^J-'a5:M«®ftW$l52 
B(D^M®2alciMi-^<^5l-i/--if3fe23A(DfflJ|t;^[B]^^«i-:5WI^;^fB]^^ 

[0069] fj:^. ^<Dm^. i^-''ri^hmM:ff\^mM^^i^^<>xmM'^mi^ir^m^i^mM 

ir^^>(DXi-ifj:<^ mMXh^Xh^W ip-^. ^fe. i/~iF-^5/K48(^fB]^^W#2b 
^-^tpBF*3-epSi-6^i!{;iJ;oTi/— if3fe23Acom#if:*^fB]^l^ffirtT*pSi-6r 
w-if'3fe23A^. w-if-^5/K48j:«9tiWtt;^fB]<^ttf;^t-'f4@i-§JSftW 
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[0070] V:=-T^—^m^U46Amt^ if-^5/K§|343(;i^(t^tbfcM#Hg»^— 

r^—^m&n^46A^mmmti.xmmmmm'oKmm(0:io\^Kmm)ir^^tK 
Tbmmf^xm^^th^^tKfi^, 

[0071] ±7^<DmMmW}^—^49tV==-T^—^46tiCXV)^ V— if^5/K48(DfR]# 

r^O ^ 1^ B -eiiM'f-^r ^ J; «9 . IB W 2(D^M ® 2a-eSML/cl/— if 7fe23A 

if -^5/K7(iM^^<cv ^J;5 if 3fe23A(DMt^;^|B]^l^^«Mt^;^|B] 

[0072] /cC*5, d^;?)^§H#t;^fRlM«#^f*^ #(c:ii:W$P2A<DiJ1>M®2alClW— if3fe23A^ 

fi^.tti-^^-^fC^g&^^fe^o 0^(9. li:W$|32A(Z):^MIB2afCl^-if^23A^3?.lt 

i-^^.jTOSgft^— ^45t;ij;oTw-if-^5/K48^W#;^fB]<^Sti;^t-ffi^$*-r 
{;ii/-if3fe23A^fi^#ifi-6®'^l;i{*. tuSBS#if;^fR]|iS#^f-J;oTi/— if3fe23 

A(Dm^:ly\^^mMir^^tiCX^. mm^—^yt23A(DRmm^\^—'f^iyV48 

Km<^x<^co^p5±-r:5^t^'i'c^^m40m)o 
[0073] ^fc. ^(Dm^. ii^^-n^hRm^i^mm^mcxoxmm-^mic'r^m^i^mM 

-r^t)C0-ef*5fe<. @^-efeoTt>J:v\ ap■^^ f-^. if^iyK48(DfB]#^W*ft2b 
(^^■T?t)a:v t^T'l^Si-^r ^fe: j;oTi/— if 3fe23A(D mi=f;^fB]«r 

|llffil^-eilS-r^ri:(Cj;«9, [i:W$P2A(D^MB2a-eMl^bfcV-— if^23A^Si^— 
1f-^5/K48 t^Mb^^ V ^ J;5 t^«^L-C:j3V ^-Cti J; V \ 
[0074] *fc. JifE-efil/— if^iyK§P43{;i^tt6V— if^5'K48^5:^v'l/~hiS^^:7'(0^iCD 
{;l/^oTV^6:^s. ^fiicmMir^h(DXi'ifj:<^ i/— if-^5/K$P43{;i^ft6v— if-^^/ 
K48fiW#:^fB]i-l^^oTlt^jiliagbf::-^/^^i?'^7°(Dt>(D(;ibTtiJ;V\ -^[Ix-f^. 
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[0075] :L(DXo^j:-^/i^^^4^Km ^T. 1/— if--5/K48^ jS 1o\^K^Wi iMWi) $iir§# 

[0076] ^/c. rcD J;5^<e-^/v^i5'-r:/(^*5V if ^5/K48^ a ;^fB] (mib) $-iir 

^ix-if-^5/K48t;i'fH^iKtt^— ^45^^}fr^v— if-^5/K48^'fB 

'^com'^^^xm^^i.x.mK.m^<DitMmw}'e--^45x^u—-^-^^y}^^48^m 

[0077] mmt-m^-r^ii^, e.z, y, 0Ri^a(D^:}7\^(D^mi±m'^mmi^mi^ 
^^tih(D^m^m'^mm^m^^mir^^—^v^>=i—^^v^T:^i^=i-^ts: 

2A. m^^^22B)(D^mm2siiiZM\^xmM(7)^mtfs:^x^iimm^ti^o */c. 

T{*. if--5/K48;?)^t>t±^#^^$*^TiaW2(D^M®2a^;lM#if$^^6l/— if3fe23A 

[0078] m^w^2B(D^mm2aKu—^^23A^mm'r^m'^. m7(DX9KW% 

fpi^ij) ^ttf;^#j (js ft w§i5;^fBi#j) txit^y—^^23A(Dmmmm^mti:^ti^. m 

^wn2B(D^mm2a(D^iiLmi^^n^mM^Mm^mt^<^x\^^^^t:d^h^o 
[0079] -er-e. m:bmM^mt\.x(Dmmmmmmxi^. 

§J;5f-^-i?I^M^e;5^b^^$tb6w-if3fe23A(^t±l;0^|SSi-5o IPt^. i^- 

^^-y]^^48^^ytiyU—h^^^(Dm'B-ia^. U—'^^-y]i^48(D^yt-^U—h^MX^ 
—^^y}^^48:d^ibtiiM^tl^l^—^^23A(Dm&^n2B(D^m^2alC^n^mM 
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#^^0J^LT. V-if--5/K§|543 (l/-if--5/K48) (DW#^fBl<50^M^ie^« 

[0081] £;l_h(75ri!^^6>. ;*:^^fe<Z)?l^^^J2(75BaW<^a@^S;03fi:#^g4l^-J;^^^^-hlBll 
[0082] Sp-^. ;*:|^Jfe<^?1^M^J2(DgaW<?5aWJ^?;^QSc#^M4l v-if ^5'K48 

<D\^^^wm2a^^ti'm\Hx-^mir^^tKx<>xu—'^yt23A(DmM:ff\^^mm 

^mi-^mmw^2B(D^mm2aizmMir:5m^ti.tL^t^w^tir^tL^^m^ 
w^2B(D^mm2a^(Du—'^yt23A(Dmm^^nmtm.m&w^2B(Dmwst^ 
ti^m.mm^)ir^^t^^x-^^o m^. m^^^2Bimmfj:nm(Dmmmti^m 

[0083] :^mm(Dj^mm2(Dmw<Dm^}t^ti^wmm:4ixn^ mM:^i^m^^^ 

if 3fe23A(D ffitt;^fR]^|^St-^r ^;e>5 nrt^T'^Sr ^;a^^>. JS ft W§R2B(Di^^ 

m2a^(Du—^yt23A(DmM^. x^mMi^n^^t^^x^x. m&^^2B(Dm^ 
[0084] *fc. ^mm(Dj^mm2(Dnm(Dmmmti^mmm4ucxfi\t^ mm:^\^^m 
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[0085] :^mm(Dnmm2(DmW(Dm^i^^ti^mmm4i Kxtut^ mtim^^^ ( 
^2B(D^mm2aiz.^if^mM^^&^i^—\^i-^^t^^'^m'ch^^t:^^h. 

mK-D^m^i^m&^^2B(D^mm2a^U—^yt23AiZX-DXMmiir^^t^^^X- 

[0086] . ^mm<Dj^mm2(Dmw<D^m}t^timmmm:4i icxtn-i. mtim^^ 

w-if -^5/K48 ^^h^ti^^timM^fhtcu—^^23A(Dm^W^2 

B(D^mm2aK^n^mM^m^i^—K'r:6^t^^x^:5^t^^h. x^mmK-Dm 

mm^m^W^2B(D^mm2a^U—^^23AKX<>XMmir^^ti)^X^^, 

[0087] <mmmmm3> 

m8i^:^mm(Dmm<Dj^mm3t,cmmm<DBm}t^^^mmw:(Dm^^^irm 
mmx^^o 

[0088] m8ic^ir:$imm(Dj^mm3(DmW(D^mft^ti^mmw:6nt^ m.^^2At. ^ 

m(D^m)^^ti^m^(.m^h^t^)'r^fz.mm\^xm-mf£h(Dx-^^o mb. ^ 

m^2A(Dmmmts^mmir^^thx^^o 

[0089] E18(^^i-j;5i-x iaW<5oa^j^;;^efe#^e6if*. y^i^^v— /vs. mfe^tr^* 

[0090] y ^-i/V— /V3{* , JS ft W§l52B(03ff'^fC*5V ^T. [i:WlfP2A(Dj^ ffl^^«9 fflt? J;5 
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/v3<DMfit-fo^oT^^f-r§o m^. imte^^f ^*:5{*. y^-i/w— /vstc^-^uo 

[0091] _h^(Z)y^i/w— 7V3^IiIfe^ff^*:5tcj;«9. if-^2/K§P63^RM;^fB]t^# 
[0092] [atejfefi^'^4:5(DW#2b(D;^fB](j^T¥{^W#;^fBii!V^5)<^^:^{|iJl-}*. 

[0093] m^Mn'^M5iz:WJ^T^—i^647!)^^y)HnhflX\^^o V^T^—^64i-i.m^ 

m^64Aizm^xwm::ff\in\^^mir^m^^(wmjf\in):^94vt\^xm^T^— 

^-^m^64Bt^m\^Xfj:^h(DXh^o W^. ])^T^—i^64l-i^ if-^5/KgP63 
[0094] y^T^— ^BribtP64B(D^S$|3(C(*jMiJB|^;5Sr3^)|^(©^#§P#65;5S^gg$tL 

fo^5J;9^-bT^#§l5W65^c|a^$ttTv^§o y^T^-^67cr)Br»]§i567Bf*. y= 

T^-^@^$l367Bf;if'&o-c^^;^r6](L;^r^o)(-#W]-r^o fiP^b^ y^T^-^64 

[0095] Mfe:, v=-T^—^'^m^67B\a-±mmm^=^^^(D^wm69if)mm^tix^ 

«9. ^(D^^^$|5M69(iy^T^— i5'68;5S^«9#^t^tl.TV^§o y^T^— ^5^68(^0^ 



wo 2006/011540 21 PCT/JP2005/013802 

$;txT. y^T^— Rr»]$|S68B(3SI§g|373) ^1^— if---:yK§|563 (3S*g§|571) <i:dS3g 
[0097] *fc. ^#lf|5W69(DiiLWia52A#J(D®{c:fiW#;^fR]{-fc^oTl/-if-^5/W 

^vx. w^nm4:(Dmm^\^m:^m(Dii^m^\'i.mWim7Q^ikvx. u—^^^y 
Y^Q^(DmM^2Am(Dm\^^n^fifz.w^^77i!)m^-^fix\^^o iiiib#76 (m 

[0098] t^oT. y^T^— iJ^RTlbtpesB^^sy^T^— ^@^fP68A^3:^0oT^#;^[^i]^^ 
^m-r^t^ \y—^-^yY^Q^ti^^<D^mm\z.^m:r^mmm7e^mm^'t-t\^x 
mm ( a :^\^\z.mwi) i-6fcJ6. w-if-^5/K§P63(DW«i;^iR](^tfr;^{iij (^feM'J) >as 

^b^^t^mp^xmrn-r^^tk^f^^o 

[0099] ap-^. _h^(Dy^T^— ^68i!agJ^§P71(D3gM#72i!3g?^$P71(D;S7L70^agf^ 
nU74}iW^n77(DmWM7Q}lKi:X). 1/— if^iyK§R63^. 1/— if^5'K§|S63<D 

Wj$-i^^^^(^J;«9. w-if-^5/K§P63(DWtt;^fB]<^tif^ffi!l(JSftW§l5;^fB]ffl)^JS 

ftl^g|52A<Di?1^Mffi2b{C^L-r^3£. ifS BrtgjfelHl«J#^^«^bTV 
[0100] \y—^^vYUG^\Z.Wtnhfvk}y—^^vY&2\t^ %^r^^<7S^^\.xm^\.ti: 
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[0101] */c. if-^:yK$R63tC{*l/— if--5/Kf|S63(Dft^;^[B]^cWt-iSg$tv/cy^ 

79\z.X^XmmM^:^\^ ( y K:tiyu—hW^m'r^^t:d'^X^^o 
[0102] gp^, _h^(Dy^T^— i?^79iCj;«9. if^2/K62^tufB;ft^;^fR]i^?^^oT:^v/ 

[0103] y^T^— ^@S§|579A{;if*. U—^^^yh^U63icmi1rhtlfcmnm'm^— 

ia^§P79A;0S[eI»]$tL^^, ]}^T^—i^-^m^79BtthK'^—f^y}'^627i^, ]}^ 

T^-i^m'&m9A^mmmt\^xmmm}mim*)Kmm(.^:^\^Kmm)u wm:^ 

fRi KML^X:^:}j mxi^&:)j\^ Km^ir^o 
[0104] ro^t, tritElHllb^^f^ioTl/— if-^5/K$|363;0StHlIJ]$tv-f t-y-T^— ^@ 
SgP79A;5S^#;^[R]f^^tT-efctLfi. if--5/K62(D[R]#^s^#2bi:[iL^-r;5 
ffi(^ffiffi) rtT*|iS$tbT. U—^-^^yh^62:d^(bmM^tl^^—^yt23A<DmM:lf 
mmm^xmM^n^::.ticfj:^, ^fc. ftf|BlHlW]^^};i<J;oTw-if-^5/K§P63 

;5stlI»)$tLTv^tLf^^ ^^—f^ym2(D\t^^^mm2ht^m-r:5m(umm) \hx 

m^^^tlX, U—^^yV62:^^h mM^tl^ if 3fe23A(D mtif;^ |R] ^5 1^ ffi F^-ei^ 
S^tt^^irtci;^^^, intiKL^Xh, ±m<Dm.mmWj^— ^80 tV=^T^— ^79 tKX 

w-if-^5/K62(D[R]^^W#2bi!3^M(ii:3^(D#-^t,'^ti')i-§®f^-e^«i-;5 

ri:(^J;o-CW-if 3fe23A(Z)tiilt;^|B]^^® l^-eii^i-^^i!{^J;(9. iSW2 

2A, ® ftW§P2B) (Di51vJlffi2a-eSltb/cW— if^23A;6SW— if-^5/K62(^Mb^^ 

V 3fe23A(DSt*^iRj^MSi-6H#if;^fR]«#S^«^bTv ^a (m 

4mm) o 
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[0106] i£.fc. JifB-efiW— if^iyK§|563iiKTOW— if-^5/K62^S;^^>l/w-}.^^^^^(^ 

[0107] :z(DX^fj:-r/v^i?4:ficm^X^ i/— if-^2/K7^ j3 ^m^^m (MWi) 

'^jx.fimm(?5i/-if-^5/K62t;i*M<z)tt mx.\i:^^4Y^U2A) ^m^mm 

^-^fi}£(DRmio\^m^^^{mm^^)xmm-^^^^t\z.x.ox^u—'^^^y 
VQ2^mmzimm'r^x^\^\^xhx<.^u—-^^^yYQ2\z.mm^m.^mm^—^ 

[0108] *fc. m^nm^-r^i)^. e , z, l, y, js^tFa(D#;^[R](D#ib{iLg^tiili]{4 

§i522A. m^^U22B)(D^mm2a\z.n\^x'm'&^^uttj:^x.o\m\m-^fi^o ^ 

t>V^T{*. l/-if-^5/K62;0^^>mi^$;h.-CgaW2([i:W§l32A. JaftWfl32B)cD^M 

B2a^;lM#^$^^^l/— if 3fe23A(Dfl^tt3limM« J:5 J;i^cCoTv 
[0109] ra^J#^g-ef*. y^T^-^687^^^*;?)^^>«^$;h.S[lI»]#^^. y^T 

ftl^g|52B(Di^MB2a^(D^=g^^eM#^TOi-6o 
[0110] 0!l;tf^|l|8l;i^«5f-. JaftW§P2B(DJ®{|lJ(ft^iii#(D/J^$V^ffl:E|8(DT{RlJ) 
(D^jaB2atCW— if3fe23A^mtt-rS^^fitt. ttffSlEl»)^^t^J;oTW— if-^2/ 
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[0111] ja/._h(Z)ri:^^G>. ;^^iio?j^S^[l3(Z)iaW(^a®Ji£:;fjeSc#^©6i(^J;t^(^-hfB^ 

iSJ^^Tl. 5g|^#72. 3S|^g|571(D;g7L70. aS*§§|5#74. 5S|^g|577 

(D^mm. m^b. m^'^^2B(Dmm^'wm(D^mm2afi:t^tu—^-^y}^'m3t 

(D=fW^^mitl.m^h. n^mm2aicmj5:VX^ ^^M®2a(c:W-if3fe23A^M 

m-r^^t^^^x^^o i^^oT. m^'wni2B(D^m^2a^9j}mm^Mmi^xm^'wni 
2B(Dm^)^^ti^^m^^^t7i^x^. m ^wi^2Bimmmm(D^mf^^:^^mm 
m^mmir^^t^^x^^o 
[0113] ^fc. ^mm(Dj^mm3<Dm^(D^m)^.ti^mmm6iKxti\t^ 

r l/-if -^5/K§|563^W#;^fB]-^#Ib$-&5i^i-J:«9. ® ft W$P2B(50^Mffi2a(^ 

^iir^u—^^23A(Dmm^m^m'M:mMir^^t7!)^x^^:zti:)^h. xv)mmKu 
—^-^^yvm3tmmwn2B(Dmm^mm(D^mm2afj:t^t(D^m^m^ti.fj:^^ 

mn-mm2a{cm7&\^X. m^mm2a{C]y—^^3A^mMir:S)^tf)^X^^o ^ 
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[0114] /^*d\ ±mmm(DjfmMi--3iz.^n^^:f7\^ (e,z,u y, a)-^(D^m^ 
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mm^-'f^(Dtiim:^\ii]^mm\Hxm^ir^^tKX'o. mmm'^(D^mmxKm 

[3] M^^i icmmfDm'^fDmmf^^ti^mmnK^^ ^x. 

mmi^—^^y}''<D\in^^mmnm(DW^t^m'r^m\Hxmmir^^t{cx-:>x 
mm^-^yt(DmM:^\^^mm\^xmMir^^tKx^^mmMm(D^mmxRM 

[4] mMmi--3coi^n:^^imKmmmm(Dmm)^^tii^m^mK^^^x. 

mm^—^^^y}''<D\^^^mmmw<Dwmi^nm\Hxm^'r:6^tKx<>xm 
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mW}m^mm^'L^t\^xmmw^^^ts'mp^x\Bim^^^^tKX'o.mm^—'f^ 

[10] mMm9\z.mm(7)mW(Dmm}t^^^mmmi^m^x. 

mm^-'^^y}''^^mmwm:fjm:ir^<>x^m^^^^tKxy).mmm^w^ 
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